Composite models of leptons and quarks have heen considered on a hypothesis of leptonquark symmetry. This hypothesis leads us to the dual models of weak interactions of leptons and quarks. Some experimental tests to the weak duality in high energy lepton reaction will be proposed. § 1. Introduction
Our recognition of composite structures of hadronic particles started in the earlier years of the nineteen-thirties, when it turned out that the nuclei were composed of protons and neutrons which were thought as elementary particles. In the later forty years, the existence of many hadrons other than proton and neutron, baryons and mesons, has been revealed. The number of observed hadrons is growing rapidly, so that the hadron could be considered to be not elementary but as composite as the nuclei, and then the known symmetry of hadron multiplets would be ascribed to their composite structures which are bound states of subhadrons with any elementary symmetry. On this hypothesis, many composite models of hadron have been proposed, among which the quark model, introduced by Gell-Mann and Zweig, 11 and its extension have been accepted to be successful, though the quarks being constituents of hadrons have not been observed up till now and the version of quarks is also so diverse at present. Now, the recent exciting development i.n high energy physics seems to be exploring a new generation of particle physics in which there exist many quarks with different flavors and colors and also heavy leptons, and the number of quarks and leptons might be expected to increase in the future. The question arises: Do there exist "more elementary" particles whose bound states form not only quarks but also leptons including old leptons and new leptons? Various hypotheses of subquarks 21 ' 31 are already proposed on the basis of different reasonings. In the subquark models it is assumed that the subquarks form quarks and leptons whose multiplets are ascribed to symmetry of subquarks.
The baryon-lepton symmetry was once proposed by Gamba, Marshak and Okubo!l In the quark model, this hypothesis was given m term of the quarklepton symmetry which was used to argue an existence of the fourth quark, charmed quark, corresponding to the fourth lepton of muonic neutrino. 5 l The quark-lepton symmetry was one of reasons for introducing composite quark hypotheses, as this symmetry would be self-evident if we assume the quarks are made of leptons and unknown subhadrons.
In this paper, we introduce the composite hypothesis of quark and lepton.
In § 2 we will very briefly mention a subquark model of quark and lepton.
Here, our emphasis is on the quark-lepton symmetry and a proposal of dual weak interactions of lepton and quark. Our argument will be, however, independent of any specific model. Section 3 treats dual models of weak processes and proposes experimental test to the duality of these weak interactions. Section 4 gives our conclusions and discussion. § 2. Lepton-quark symmetry and subquarks p' .
Then this symmetry has been translated into the quark version which for p, n, A, p' reads quarks u, d, s, c, respectively. Recent discoveries of J/<fl, </J' , </J", ··· and charmed particles seem to afford further confirmation on this lepton-quark symmetry. Very lately, the symmetry of the charged weak current mentioned above has been generalized, including heavy leptons and heavy quarks, in the following sequential series:
Many physicists may now be asking themselves why there exist so many leptons and quarks and why such a lepton-quark symmetry. This question could be partly answered if we assume that all leptons and quarks are composed of fundamental subquarks. Here we will briefly mention a simple composite model of leptons and quarks. Our argument in the following section is, however, independent of any specific model of subquarks.
We suppose leptons and quarks are all composites of "spinor subquarks" Q; (i=1, 2) and "scalar subquarks" Ba<hl (a=O, 1, 2, 3; h=l, 2, 3, ···) as follows:
where the B/hl (i = 1, 2, 3) form an SU (3) -color triplet of red, yellow and blue for each h and carry the baryon number 1/3 of h-kind and the charge + (2/3) e, while the B0 <hl is a color singlet (white) and carries the unit lepton number of h-kind and zero charge (see Table I ). In this model, the lepton-quark symmetry obviously follows the similarity of corresponding constituents in leptons and quarks. We will not need to specify further symmetries of subquarks for our present aim. Now our proposal is the following: Once such a composite model of leptons and quarks is adopted, any reaction among them should go through "duality diagrams" drawn by "subquarks" lines. This· means the dual theory of the subquark level.
The simple example for this may be seen in the leptonic process, P, + e~v" +fl.
The dual diagram for this process is depicted in Fig. 1 and muon numbers, and the lowest spin state will be assumed to be one (we call it the B~-meson) . 6 l, *> The Regge behavior of the cross section may be one of our mam results.
At large s**l the differential cross section for the process P, + e---+V 11 + 11. will be giVen by
T(2-aw(s) -ae(t))
as--•= l fixed (1) where aw(s) =as+bw and as(t) =at+ be are Regge trajectories of W 11 and B 1 , respectively, where for simplicity we take it that the slopes are equal: aw=ae=a, G the Fermi coupling constant and C the normalization constant defined by
T(2-aw(m,) -ae(O))
Equation (1) shows the typical shrinkage of the differential cross section at large s. 
T(2-aw(u) -ae(t))
(2)
as-)= t fixed
The backward peak of this channel will also show the shrinkage by the law (3) whereas there is no backward peak m the channel P,+e--->P 11 +/I.
Another example is the P 1 ,-inclusive reaction with an isoscalar target, P,, + 1V ---+ 71 +X. The ordinary quark diagram for this reaction is depicted in Fig. 2 .
The vertex A in Fig. 2 is now replaced by the dual diagram Fig. 3 . Note that the "s" -channel resonances are composed of B; u> and Eo c 2 >, carrying both lepton and quark numbers, but they are confined inside the nucleon.
In the free quark-parton model the cross-section of the inclusive reaction P, *l For simplicity we consider here only composite states such as (QQ) and (BE), not (QQ) and (BB). + N----'> 71 +X is giVen by the following formula,
where q (x) and q (x) are momentum-distribution functions of quark and antiquark,
respectively, x and y are usual scaling variables defined by
and y=v/E with q 2 = (k-k') 2 , P 2 =M 2 , v=q0 and E=k0 (see Fig. 2 ). From our dual theory of subquark level the functions q (x) and q (x) should be now replaced by beta-functions*>
Here, we have relations
so that Eq. (4) together with (5) and (6) can be written as
(8)
(10)
For large s with x and q 2 held fixed the above formula will show the Regge behavior, i.e., *> The formula (4) is, of course, valid well in the scaling region. The dual amplitudes (5) and (6) for the vertex A are assumed to be true in any energy region, even if s, u and q' take values in the above scaling region.
In the same way we have It should be noted that the formula (4) with (5) and (6) shows scaling violation. For simpUcity, let us consider a case MB"~xs (and xu), ~lldB being the mass of Btt-meson. In this case we can put Suppose alvfB" = 1. Then the beta-function is reduced to where Mw is the mass of W,-meson and we have normalized the above function at q 2 =0. The scaling function is now read as q(x) (1-q 2 /Mw 2 ) -2 • In the paper on SLAC ep and ed data by Riordan et al.,n the scaling deviations in q(x) for x>0.1, -q">1 are well described by q(x) (1-q"/Mw")-2 , where Mw"=50GeV 2 , and Perkins et al. 8 > also show that this parametrization is consistent with vp and vn data. Our value of M w"=50 Ge V" may be too small, but we do not like to discuss the scaling violation furthermore, because our formula contains many unknown parameters.
The Cabibbo rotation between d and s quark fields would be necessary also m our weak dual model. We shall adopt the usual Cabibbo-rotated current vertices
where dc=dcosfJc+ssinfJc and sc=-dsinfJc+scosfJ 0 • Therefore, the usual GIM mechanism 5 > is operating and there is no strangeness-changing neutral current.
Neutral current processes such as v+e~v+e, v+e~v+e, v+u~v+u, etc., will be dominated by the "weak pomeron" exchange in the subquark level at high energy. Therefore, the Pomeranchuk theorem will be held, for example, (Jtotal (v) = (Jtotal (v) in high energy limit. Here the difference between the usual strong pomeron and the weak pomeron is the following: There are two kinds of world sheets, one a colored sheet and the other a colorless sheet. The colored sheet is the world sheet swept out by the color octet string (gluon) which connects the Bi <h>•s with each other. The colorless sheet is the world sheet swept out by the color singlet string which connects QJ> Q 2 , B0 <h> and Bi <h> with each other. The colored sheet is relevant to strong interactions of quarks, while the colorless sheet is relevant to weak interactions of leptons and quarks. The box diagrams in Figs. 1 and 2 are examples of the colorless sheets. The weak pomeron corresponds to the tube, which is made from the colorless sheet and connects two colorless sheets with each other. This is analogous to the strong pomeron which is the tube made from the colored sheet and connecting two colored sheets with each other.
Finally it should be remarked that contrary to Pati With the composite assumption of quarks and leptons, we have given a model of subquarks which are the fundamental constituents of all quarks and leptons. The multiplets of quarks naturally show the lepton-quark symmetry and the existence of sequential quarks and leptons. The composite structures of leptons and quarks afford the dual nature in the subquark level of weak leptonic reactions.
For the neutrino reactions: Pe + e--'>V" + /.1, v,, + e--'>Ve + /.1 and the inclusive neutrino reaction: P.a+N--'>ll+X, V.a+N->p+X, we have given the dual theory of these reactions. Their cross sections sho\v the typical Regge behavior which could be tested by the high energy neutrino experiments. The scaling violation of the inclusive neutrino cross-section is predicted which would be compatible with vp and vn data. The Cabibbo rotation and the neutral current processes in our model have also been discussed. Finally we expect that the experiments of weak interactions with very high energy beams will explore more fundamental structures of leptons and quarks in the near future.
